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SvMJiaARY 

Method*  *r*  given  for  iaUiil«lii'|  ihe  effective  infrared  radi¬ 
ation  from  &ertwiyi.*n>icallv  heated  window*  or  epike*.  The  radiation 
generally  he  a  a  time-v* ry*r>g  component  du*  either  to  non- uniform  ir- 
radla.ion  of  the  chopping  reticle  <(r  from  looking  at  vartou*  p*rt*  of  ti.e 
heated  window  or  apike  due  to  acanntng  or  tracking  operation*.  Th:* 
lime  -  varying  radiation  it  the  detk'  tor  i*  ahown  •''he  generally  tolerant* 
if  the  etaiynihg  f  reqoenc  y  i*  marie  email  compared  with  the  operating 
frtqnentle*  paeeed  by  thr  amplifying  ey*trm.  ^ 
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IN  1  KUDNCTiUN 


Iti  a  missile  with  an  ini  ra  red  ilcla  Itun  system  11  its  nose*  ecru* 
dynainii  heating  will  cause  the  protective  window  (IK  d^rne)  to  irradiate 
the  dr  nlor.  Inflight  ai  high  math  numbtri,  the  radiation  Irom  the 
window,  (Ailed  a  "fa  is<?  signal",  in*/  tomplrtely  tnuuk  the  signal  from 
the  target.  In  inch  eases,  some  method  mast  be  found  to  reduce  the 
window  radiation.  One  possibility  is  to  replace  the  window  by  n  narrow 
spike  as  suggested  Inltr/.  1.  The  spiky  separates  the  flow  over  the  front 
of  the  missile  reducing  both  the  ^ rodyr-aro ic  drag  and  heating.  The 
spike,  however,  w;ll  In  come  hot  and  radiate.  This  report  deals  with  the 
radiation  from  the  IK  don  e  »;i  i'art  1  and  w>;h  the  spike  radiation  in  I’art 
IT  It  .  s  assumed  that  the  /empe  ratur  c<  distribution  on  the  spike*  or 
window  is  known.  Teinpe  ra  for  c  s  are  \al< '.listed  fur  several  casts  in 
Rtf.  4  for  example.  In  this  present  report,  methods  are  givcntor  calcu¬ 
lating  the  radiation  r  eat  hi  ng  the  dr  tec  tor  f  roll)  heated  window  sand  spike  s. 
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l‘AHT  I 

RADIATION  FROM  IR  DOMES 

A.  INTRODUCTION 

This  part  of  the  report  deals  with  the  signals  which  arc  re¬ 
ceived  hy  the  detector  due  to  the  aerodynamic  heating  of  different  lyp  n 
of  window n.  In  each  case  we  have  considered  that  the  window  id  used 
to  protect  a  Sidewinder  type  IR  system  (Kef,  3). 

The  Sidewinder  type  system  considered  consists  of  a  folded 
opt. cal  system  having  a  primary  mirror  which  receives  radiation  and 
reflect*  it  to  a  secondary  pUno  mirror  where  it  is  reflected  and  sent 
through  a  reticle  pattern  (chopper)  onto  the  surface  of  a  detector  (Fig.  I). 
The  field  of  view  of  lhi»  By  stem  at  any  instant  is  three  degrees  and  the 
total  rotation  of  the  optical  system  is  ptus  or  minus  20  degrees  from 
the  missile  axis.  In  this  geometry,  the  secondary  mirror,  itBclf,  acts 
as  a  mask  blocking  out  the  center  of  the  incoming  radiation  field. 


13.  FALSE  SIGNAL  FROM  A  HEMISPHERICAL  WINDOW 

The  window  radiation  at  the  detector  will  have,  in  general,  a 
time  dependent  part  superimposed  on  a  steady  background  level.  Since 
the  non  varying  (*DCW)  level  will  not  b»  passed  by  the  amplifiers  in 
the  detecting  system,  its  effect  will  be  only  to  raise  the  background  noise, 
of  the  detecting  cell  thus  reducing  its  overall  sensitivity.  This  problem 
has  been  treated  in  detail  in  Ref,  4.  We  will  now  consider  the  time- 
varying  part  of  the  window  radiation. 

The  time-dependent  irradiation  at  the  detector  may  be  generated 
by  the  heated  window  in  a  number  of  v/ays  depending  on  the  seoktr  system. 
The  Sidewindox*  type  system  looks  through  different  parts  of  its  window 
as  it  tracks.  If  the  window  •-<  at  a  uniform  temperature  then  no  unsteady- 
false  signal  will  bo  generated  by  the  tracking  motion  since  equal  window 


TJR  227 


I 


CONFIDENTIAL 


CONFIDENTIAL 


area  is  alwiivs  ieen.  When  the  window  is  not  at  a  uniform  temperature  ^ 
fat. sc  feipnals  ran  bo  produced  in  several  ways which  will  bo  separately 
analysed  in  the  following  sections, 

1.  l-'also  Signal  From  Non -Unitor  ,n  Irrc -.Uatiun  of  Chopper 

U  the  window  r  addition  jifoijm  v  b  a  time  -  imlr  pendent  t  t»«ii  not.* 
uiuJorm  irradiation  on  the  < hopper,  thon  <*  'also  signal  u»  bo  prndnt  oil 
at  ii'ecjni’in  ie*  whi«  h  .»i*o  hartiiunh  of  tnv  chopping  frequency. 

Fur  any  given  posit  on  of  the  yj*ln  il  system  tne  window’  un  &•? 
divided  into  thro**  par  is.  Otir  jm  i  l  will  jirdilni  e  tut  i  rradiatmn  wl  the 
(.hopper  an* I  hoiu  e  no  la) so  signal.  Another  portion  will  ji.oilm  r  ir- 
UtiUtiun  ol  the  s hoppv  r  wl,i» ’»  n  symmetrical  about  the  »  hopper  .ixi« 

'Vtid  ■  no,  therclore,  ./ill  ju  omu  »  notalm  signal,  the  rcmAinim4 
mjuU  portiv  ni  the  window  van  irradiate  the  chopper  non- »>  nimrl ri  - 
(ally  and  '  ”  ,  Pv.Vvluro,  result  iu  a  I'.Jnc  signal. 

Anording  to  i< i  h  l,  the  ir  radiation  ui  the  reticle  ia  nymuirtn- 
».ai  about  the  upliiul  a.\i»,  pru.idmg  the  radiating  v  i a  within  the 

volume  formed  by  lolat.ng  areas  A  and  IJ  (in  fig.  d)  a  uvo.it  the  *yrt  4>u». 
The  radiation  that  is  emitted  within  th‘*  Uu  1*  annuli,  whose  section* 
are  given  I//  C,  t  and  D,  h,  r  t*  sjne.ti  v«  l*.  ,  is  also  received  on  Pie  rn  ti(  l« 
but  m*teuulfurmU.  W  c  «l.  ill  \ali  these  the  wi.v»n-u*  *tiuuli,  in  g*  <:>»*>. 

C,  lor  lloUiit  v,  the  radiation  l  ruiil  a  tn»;ht  on  the  extreme  loll  irradiates 
Only  one  edge  ul  the  relit  As  the  radiating  point  moves  to  the  i  ht 
more  of  the  reticle  is  ilbmmult  d  until,  as  we  move  into  region  A,  ‘he 
reticle  is  •ymtttftr  ic  ally  illun  mated. 

When  the  irradi  ition  of  the  reticle  i»  non- nyinmetrical ,  the 
spinning  of  the  reti*  t*  will  modulate  some  traction  of  the  flux  at  the 
chopping  f.equeiuy.  Thus,  while  the  lotvil  amount  of  such  sym¬ 

metrical  irradiation  is  small,  it  may  be  modulated  to  thv  frequencies 
which  the  detecting  system  readily  accepts. 

As  the  11  nen-uB  annuli  temple  radiation  around  all  (lie  boundaries 
of  the  annulus  A,  H,  we  may  assume  that  the*  awrau*e  intensity  of  radi¬ 
ation  is  the  same,  and  that  the  ratio  of  the  total  radiation  from  Hi-;*  non-u 
.imiuti  lu  that  from  A,  It  is  in  proportion  to  the  projected  area  of  the 
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window  in  them.  (For  the  hemispherical  window  there  la  &  small  effect  \ 
due  to  changing  effective  thickness  of  the  window  which  ha  a  been  neg¬ 
lected  here).  Therefore  ^  _ '.jv.;-' _ 

^r.on-u  in  „  (2*  Ri  +  2*  K»)  ,  „„„  ,,v 

T^~  =  m  p  _,  0  07e  . . {l) 

where  0  is  the  distance  to  the  mirror,  and  R,  end  R*  ere  illustrated  in 
Fig.  2, 

The  amplitude  of  the  modulated  radiation  ie  leea  than  the  total 
irradiation  from  the  "non-u*  annuiL  There  are  two  important  types  of 
radiation  distribution  on  these  annuli  which  result  in  no  modulation  what¬ 
soever.  U  certain  symmetries  exist  in  the  radiation  from  the  *bob*u* 
annuli,  then  to  first  order  (here  is  a  uniform  irradiation  of  the  reticle 
and  no  modulation.  U  arjual  radiators  are  placed  in  the  pair  of  positions 
M  and  N  marku-  below,  this  situation  holds 

M  N 

a  oleU-rfc,  k,  from  the  left  edge  of  C  a  distance,  x,  from  the  left  edge  of  F 
a  distance.,  *,  from  the  loft  edge  of  D  a  distance,  x,  from  the  left  edge  of  £ 

More  important  is  the  case  of  the  radiation  pattern  on  the  window 
which  is  cylindrically  aymmeuic  with  raepecl  to  the  optical  axis.  In  thta 
case  the  Irradiation  of  the  detector  la  also  cylindrically  symmetric  snd 
there  is  no  modulation. 


i.  False  Signal  Due  to  Motion  of  Optical  System  with  Respect  to 
Misaile  Window 

In  tracking  or  searching  when  the  pperture  ec*n*  across  the  radi¬ 
ation  non- uniformities  on  the  window,  the  detector  sees  a  false  signal 
vhoae  frequency  is  some  function  of  the  scanning  rate.  In  this  manner 
a  false  signal  might  he  produced  that  has  a  harmonic  at  the  chopping  fre¬ 
quency. 
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:™Ti  0  N  F  J  D  E  N  T  I A  L  ,  _ 

Owinp  to  the  geometry  of  the  folded  mirror  system,  radiation 
from  liic  target  passes  through  an  annulus  of  thr  window,  centered  on 
U.«  uptn.  .1 1  avis.  The  optical  avis  is  tree  to  move  ±20'  with  respect  to 
the  as.u>  ol  the  missile,  m  tru  ck. nc  a  target.  W  ■  «  .«!■  -il.it-  In  r--  l!  - 
radial. ion  ll'om  the  annulus  incident  on  the  detector  where  tin  re  is  r •- 1  i 
live  motion  between  the  uptical  ■ysleiu  and  the  window. 

The  hemispheric  tflvc  -ive  radiatiun  from  points  on  the  window 
has  hr  cm  calculated,  l.ased  an  the  teinpcralure  distribution  of  Kip.  ' 
(hum  Hrl.  /.)  for  flight  at  M  =  ).*>,  and  at  an  altitude  of  1)0,000  feel. 

I'.-  ntiiation  distribution  is  symmetric  about  the  direction  ol  motion 
of  Uic  mu.de.  In  Ki£.  »,  tins  distribution  has  been  plotted.  If  v  is 
•.in-  polar  angle  with  rc-sp*  i  I  In  .tie  dir*  »  lion  -.f  million,  the  hemispheric 
radiation  is  will  represented  hj  the  form 

j»lvJ  -  (S-'-’Cl  •  •  fi.lWl:  oil  v)  effective  w.itts/1  ni!  (d) 

These  figures  curres-  d  l"  a  window  thickness  o(  S  mm,  and  inclml.- 
thu  uflec.l  of  win  (quart/.)  et.-nssivily  a  ml  special  response  of  the 
Uelactul'  (.11. co. dell  HbS  cell). 

Let  U  hr  the  veeiu'ji  snple  betweer  the  unit*  ol  the  optical  system 
am!  as.  arbitral’)  point  l’  m-  die  window,  ai.d  let  0  he  Mie  ve.  lorial  angle 
between  the  optical  «>.ls  and  the  asi*  of  li  e  temperature  distribution  (sec 
Kip.  *1),  then,  it  y  is  the  a  .pilar  c  oc- rillliatc  of  l*  with  respei  I  to  the 
temp’  rat  ire  axis,  «•••  n.i-.  •• 


•  li) 

Now  consider  the  radiation  ’T’“r”  an  1iu1a.1l  of  area  dA  ai  1'  (within  the 
annulus)  into  the  chopper,  f.c-t  dU  be  the  solid  angle  subtended  by  the 
chopper  (as  seen  through  t  i  I  -  •  optics)  at  P.  Since  the  chopper  IS  in  the 
focal  plane  of  the  optical  system,  dfl  is  constant  for  all  points  of  the  an¬ 
nulus  and  is  equal  to  the  solid  angle.  of  the  field  of  view  seen  by  the  chopper. 

The  projection  of  dA  normal  to  the  line  of  sight  to  the  detec''  •'  is 
dA  cos  8.  Hence  the  radiation  from  dA  into  the  detector 
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dS  =  -c~  j0  M  los  9  dA  ’  , . - .  -  A*) 

~  Tf  flj  and  6j  represent  the  polar  annular  limits  of  the  annulus, 
then  the  total  radiation  from  thn  annulus  incident  on  the  detector  is 


where  b  is  the  azimuth  uf  the  point  P  with  resper'  tc  the  spt.v rystem 
of  coordinates.  Introducing  Kqa.  (2)  and  (J)  w«  obtain 


« •  ^  j0  -  y #;  ■  in  0  cos  Mp  I*  <  b|roi  0  <o*e  <  sin  8  sine  cos  (6) 


where  ♦  '  is  the  acimuthal  angle  of  the  temperature  axis  with  reaped  to 
the  Optical  system  of  coordinates,  and  where  a  •  0.001),  !>  b  0.0012. 

The  term  involving  b1  vanishes  on  integration.  The  remaining  terms 

are  Integra  Ki  to  yield 

S  ■  2R*  dt)  ^2  ( eir»*  $t  -  sir.1  S,)  4  j  cob  a  (cos  JPj  -  mi  3  8t)^  (7) 

«  A  t  B  cos  a  (8} 

the  coefficients  A  and  B  being  '’uf.nrd  by  the  .hove  relation. 

The  constants  ic.r  the  Sidewinder  aystem  have  been  taken  as  follows: 

2R  a  12.  S  cm. 

d£2  •  -1.71  X  10’4*terad 

bx  -  19.2* 

C*  =  46.1* 

The  coefficients  A  and  B  may  then  be  computed  as 
A  =  3.58  microwatts 

'■  B  -  2.53  P'VrnwztU  '<}) 
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1  lie  Courier  snretrum  of  the  false  signal  depends  on  Uio  be¬ 
havior  ot  the  angle  ir-  For  a  linear  variation  of  angle  of  attack 
(tr  -  const)  Fq.  (7)  is  already  a  Fourier  series.  The  maximum  track 
rate  lor  the  assumed  system  is  10*/ sec  (Ref.  .1);  this  corresponds  to 
a  frequency  of  l/ld  cps.  Since  the  Sidewinder  electronics  system  has 
a  passband  at  150Q-dQ0Q  cps,  it  is  reasonable  to  assume  that  this  false 
Signal  is  of  negligible  importance. 

We  may  i'uv » «.forc  conclude  that  the  false  signal  dur  to  tracking 
through  various  parti  of  the  hemisphere  is  negligible.  This  result  is 
a  consequence  of  the  fart  that  the  tracking  rale  is  so  much  smaller  than 
the  chopping  frequency. 


J.  False  Signal  from  a  Linear  Irradiation  Distribution 

Assume  that  the  irradiation  on  the  reticle  is  a  linear  function 
of  the  distance,  x,  slung  u  spat  e-Xixcd  axi s  in  the  reticle  plane  (see 
Fig.  (.) 

♦  “  ( a  toi  o  4  (io) 

where  d  s  diameter  of  reticle,  r  -  distance  from  center  of  reticle, 

0  a  polar  angle,  =  maximum  irradiation  of  detector. 

The  transparent  sections  of  the  reticle  have  0  boundaries  given 

by 


«i  =  Is  j  *  M>»*  <>  -  °.---  -«> 

and  r  boundaries 

r j  -  r i  •JJ  <j  =  1,.  .  .  13) 

Tf  is  tfc-  signal  falling  on  the  detector  it 

t-  r0' 41  r  o  i 

S~-*M  l  .f0  d°  jR<lr  +  ^,r 

i  =  0  K 

TH  iZl  fc  . 
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where  H  staude  for  the  regions  for  r^nijni^aanfi. 6X, 
l\ 

{ 

0  ‘ 

*  x  8in{^  ‘ 1 4,0  +  53  ]  <  r  {a: 

where  $  i*  ihe  relic!'*  Area. 

The  modulation  is  thus  of  only  30  e/s  frequency.  The  response 
of  the  system  for  this  frequency  i *  email.  Ktmcmberinj  that  the  radi¬ 
ation  front  the  ”non-u*  annuli  is  ^0.078  of  that  from  the  main  annulus, 
w«  have,  for  an  unprotected  hemi spherical  window  (M  -  3.S,  .  30,300 

feel) 


♦  <  3  x  iO*  A  watt* 

We  have  here  cunsidrr'-d  to  he  the  whole  amplitude  from  the 
*«?»-«'  annuh.  A*  previously  noted  the  cylindrically  symmetrical  com¬ 
ponent  docs  not  contribute.  A*  the  value  of  4  i*  already  negligible  wc 
•hall  only  make  a  rough  estimate  of  the  further  reduction  factor. due  to 
cylindrical  aymmetry.  .  non-cylmdr»cal  iijnunelry  for  a  20*  angle 
of  *ita<  k  may  he  considered  to  be  due  to  •amplin,1  by  opposite  sides  of 
the  optical  system,  fi  om  the  hot  and  cool  halves  of  the  window  respec¬ 
tively.  As  discussed  in  a  later  section,  this  amtmn’i,  lo  about  l/5th 
asymmetry.  This  reduces  $  to 

$  <  6  x  10  *  A  watts 

4.  Fa  st  Signal  from  a  Stop  Irradiation  Distribution 

The  radiation  from  a  small  source  may  tend  to  illuminate  one 
portion  of  the  reticle  and  not  the  remainder,  leaving  a  sharp  boundary 
between  the  two  regions.  The  boundary  line  may  be  expected  to  he  smooth 
and  have  Xc-  "wigglee*  over  the  reticle  face.  This  case  may  also  be 
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considered  to  put  an  upper  bemad  on  the  eflecl  o{  window  radiation.  The 
radiation  may  rot  lead  to  a  pattern  ua  smooth  a»  the  linear  pattern  as¬ 
sumed  above,  but  will  certainly  lead  to  a  much  smoother  pattern  than 
the  step  (unction  assumed  now. 

Tn  fig.  7  curve  p  is  an  illustration  of  the  type  of  boundary  curve 
required  to  modulate,  at  a  750  cycle  frequency,  the  radiation  falling  on 
1/50  th  of  the  reticle.  It  is  so  irregular  and  *  wisely*  as  to  be  extremely 
improbable.  On  the  oilier  hand,  Q  is  a  very  likely  boundary  curve,  but 
it  modulates  the  radiation  falling  0,1  one  of  the  open  areas  only,  1/iOt'lh 
of  tne  reticle  area.  It  is  easily  seen  that  anv  curve,  modulated  at  750 
c/s,  must  have  sharp  wiggles  to  modulate  a  greatc,  fi  action  of  the  ir 
radiation  than  this.  Straight  lines  cutting  more  than  one  open  area  do 
AO  in  such  a  way  that  the  different  area*  compensate  each  other  as  the 
reticle  spins.  lvi.i*hd',» Uw»  of  greater  amounts  ui  ladiation  can  tic  oh* 
tamed  but  at  frequencies  uf  (n  an  integer  >  1}.  As  the  frequency 

response  of  the  detector  is  critical  wc  may  i cuii  entratc  our  attention 
on  the  750  c/ s  modulation.  Then 

,  *M 
*  -  m 

If  the  window  produces  a  slepdike  irradiation  of  the  reticle  it 
must  be  due  to  a  small  area  of  the  window,  acting  approximately  us  a 
point  source.  At  M  3.5  and  h  i  50,000  feet  ills'  radiation  from  a  point 
on  the  window  will  no*  exceed  -  10  A  watts, 

■f*  ^  t  “7  r1  *  4  ■*>  w  *  >  ■»  y  ip 

*  sswsmss  -“vt.  4  stwm  iV  wwt«t s a_s  st  ins/ v  s* 

As  has  been  aha  ...  there  are  two  types  of  time  dependent  ir¬ 
radiation  of  the  detector,  the  type  that  in  independent  of  the  chopper  ami 
the  type  ’.hat  is  produced  by  the  chopper.  The  firs’,  arises  from  the 
chopper  being  uniformly  and  time  dcpendently  irradiated.  The  second 
arises  from  the  time  independent  non-uniform  irradiation  of  the  chopper. 

The  detector  and  amplifier  system  considered  has  a  sensitivity 
to  radiation  depending  upon  the  modulation  frequency  of  the  radiation 
incident  upon  the  detector.  The  sensitivity  is  greatest  for  the  chopper 

a 
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frequency  f0.  The  ratio  of  the  amplitude  of  the  ayatem  output  for  radi¬ 
ation  modulated  sinusoidally  at  a'frequeacy  f  to  the  amplitude  for  sinus- 
oidal  modulation  at  frequency  f„  ia  cal  *d  the  relative  rusper.ee,  rf,  ef 
the  ayatem  at  frequency  f.  The  relative  response  may  be  approximated 
by  a  Gaussian  distribution:  .~c*. 


where  the  constant  a  determines  the  width  of  the  distribution. 

Let  ua  consider  only  the  window  radiation  which  irradiates  the 
reticle  symmetrically.  Due  to  the  symmetry  of  the  irradiation  the 
reticle  does  not  modulate  this  irradiation.  there  will  only  be  a 

false  signal  if  the  window  spike  radiation  rereived  by  the  annulus  ia 
lime  dependent. 

Such  a  time  dependence  may  be  obUinad  from  changing  tempera¬ 
ture  distributions  on  the  window,  or  from  the  scanning  of  the  optical 
system  over  different  portions. of  the  window.  The  former  occurs  at 
a  very  alow  rate,  and  may  be  neglected  if  the  latter  is  shown  to  bo  un¬ 
important. 

We  Shall  concern  ourselves  with  a  harmonic  scanning  of  10' 
amplitude  and  a  frequency,  f#  of  5  c/a. 

1.  The  Fourier  Analysis 

Let  ♦(:)  be  »hr  irradiation  of  the  detector  as  a  function  of  lime,  t. 

If  4>(t)  is  a  periodic  function  of  time  with  period  f,*1.  then  it 
may  be  Analyzed  into  a  Fourier  aeries: 

go 

^  #e<°)  +  ^  !#,  (n)  sin  2wfnt  +  *c  (n)  cos  2  *  fn  t  j  (J3> 


where  fn  *  nfa 
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*  “  J  1  dK^'iK)  i»r,K  (14j 

where  K  =  f(l,d'  (K)  =  $(t) 

and  the  sub  sc  rip!  •  *  o"  And  *  e  *  rrpt  c  lent  the  odd  and  even  Courier  com  - 
ponent*  of  $(<)  respectively. 

11  $(t)  ii  not  periodic,  but  is  transient,  then  the  above  analysis 
into  a  Fourier  aeries  inual  be  replaced  by  *  Fourier  transform.  The 
cades  treated  will  be  periodic.  The  conclusions  obiainrd  will  be  vsHd 
lor  transients  also. 

i.  Effective  Irradiation 

II  xe  illume  that  the  detector  and  amplifirr  system  is  linear 
(response  to  two  simultaneous  signals  is  the  sum  of  die  responses 
which  each  aiunal  alone  would  produce)  then  we  may  consider  the  re¬ 
sponse  to  cacti  frequmc  y  component  separately*  Since  r,-  is  sms)) 
unless  1  ll  near  t6,  the  response  will  be  negligible  except  for  such  fre¬ 
quencies,  The  amplitude  of  the  component  of  ${t)  having  frequency  fr 
i* 


The  system  response  to  this  component  will  have  a  certain  amplitude, 
il  irradiation  of  amplitude 


and  frequency  f0  irradiated  the  detector,  Ihe  system  response  would  be 
the  same.  Thus,  in  this  sense,  Rn  is  the  effective  radiation  corresponding 
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to  thj  component  of  $(t)  of  frequency  in.  Then  we  can  define  the  ef¬ 
fective  irradiation  corresponding  to  ${l)  aa 
ce 

R  -  S'  Rn  (15) 

n”*  1 


3.  1  he  Flux  4>  ft)  from  a  Conical  Window 

We  will  now  consider  tl>«  case  of  a  conical  window.  We  *#r 
from  Fig*.  If.  and  i  i  of  Ref.  d  that  the  radiation  from  the  cone 

variea  smoothly,  and  approximately  linearly  with  the  height  coordinate 
of  the  conr.  The  flux  accepted  by  the  annulua  will  vary  even  more 
smoothly  with  the  orientation  of  the  optical  axis  than  the  curve*,  be- 
tauie  the  annulua  Intaaratea  large  portion*  of  :h«  curve.  The  anuolua 
acerpt*  radiation  from  about  one  half  thn  window  at  any  inalant. 

In  general,  when  the  optical  axia  move*  off  the  imaalle  axle  one 
part  of  the  annulua  mc.Vci;  to  cooler  regions,  while  the  oppoatte  part 
move#  to  hotter  region*.  lending  to  vutnpenaale.  We  (Kali  igi.'-.e  thia 
hewever  and  >mo  lor  the  amplitude  of  flux  variation,  ♦j^ji  the  difference 
ip  irradiation  obtained  by  integrating  first  over  the  warmer  half  of  the 
abo-e  mentioned  rurvee,  and  secondly  over  the  cooter  halvaa. 

examining  Figa.  1*1  and  * l  (of  Rei.  4}  we  obtain  $ ^  :<i  be  nyptuxi- 
mately  0,  C  of  the  total  radiation  for  the  cone  at  10*  attack  angle.  From 
Figa.  li  and  21  w«  obtain  to  be  approximately  0.5  of  Ihe  total  radi¬ 
ation  for  lUv  cone  at  0’  attack  angle.  Thu*  the  maximum  valu*  of 
for  the  given  value*  ul  attack  angle,  Mach  numlie*  and  altitude,  ia  ap¬ 
proximately 

v  O.n  x  10  *  waua/vm*  lor  M  «  3.5,  h  "  30,000 
and  a  20*  angle  of  attack. 

If  we  con*ider  the  variation  in  $(t)  with  angle  to  he  linear,  but 
the  optical  system  to  be  scanning  harmonically,  wc  have 

♦w  3  -*M  1  8in  fs‘  I  *  4  Steady  <l*> 
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The  absolute  value  signifies  that  the  temperature  drops  as  the  optical 
axis  (asses  the  cone  -axis  irom  any  direction.  Th.it  is  in  / act  a  derivativ 
discontinuity  which  in  practice  is  smoothed  over.  Thus  we  may  expect 
that  the  high  /requerwj  components  ve  get  uror.uaggc-i'ited  and  we  over- 
estimate.  the  detector  response  H. 

Combining  iqs.  14  and  lb, 

£ 

*c(n)  =  -  4  l  I  sin  1  #  K  |  roa  nK  dK 


while  #,(n) 
Therefore 


n  a  even 
n  t  odd 


and 


"  4  rin 

u  0 


h  •••  even 
n  =  odd 


a  « 


>: 


n  a  even 


Tr 

n*  -  | 


For  example,  li  f,  *  5  c/sec.,  f„  =  750  c/eec..  p  s  i89  c/sec. 
(where  this  value  /or  A  corresponds  to  a  J  db  loss  at  100  c/sec.  from 
f#)  we  have 


a  -  k 


0.6  X  10  <  K  <  10 


-  J 


Thus  the  if/ective  irradiation  Irvin  the  window  is  less  than 
0.6  x  10  7  watt  s/e  m1 
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LJ.  CONCLUSIONS 

Tht  expected  fal »e  signals  calculated  here  are  reasonably  small 
compared  with  a  target  signal  >  10  ^  effective  watts/cm1. 

If  the  false  signal  here  calculated  i'j  still  too  large  for  certain 
desired  target  signals  a  remedy  would  be  to  sharpen  the  response  curve 
of  the  detector*  At  present  rj  *  1/if)  for  j  f  -  fB  |  =  300  c/s.  Thus 

the  detector  system  passes  a  large  fraction  of  those  components  of  fre¬ 
quencies  which  are  only  sixty  times  greater  than  fg  and  only  ll  times 
greater  than  f^.  Tills  Is  serious  for  step  function  typj  curves  which 
decresse  only  inversely  as  the  multiple  n.  Decreasing  the  width  of  r^ 
has  the  effect  of  decreasing  the  number  of  multiples  n  of  fa  or  in  the 
pass  band.  Note  that  we  are  assuming;  s  uniform  sensitivity  over  the 
detector  surfar  e. 
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PART  II 

RADIATION  PROM  SPIKKS 


I 

* 

I 

1 


A.  INTRODUCTION 


Previously,  (Rtf.  4), the  effect  of  aerodynamically  heuted  window! 
irradiating  their  detector*  ha*  been  computed  (or  certain  temperature 
distributions  on  conical  and  hemispherical  windows.  The  use  of  a  cone 
reduces  the  irradiation  compared  with  that  from  a  hemisphere,  when 
(he  cone  it  at  0*  attack  angle  due  to  the  lower  temperatures  on  the  cone, 

ltccause  the  cone  has  less  aerodynamic  drag  and  is  heated  to  a 
somewhat  lower  temperature  than  the  hemisphere ,  it  is  to  be  preferred, 
however  in  using  a  conical  window,  thr  temperature  reduction  may  not 
be  great  enough  tr.  justify  the  cost  and  loss  in  optical  resolution.  Com¬ 
promise  shapes  such  as  pyramids  with  hemispherical  tips  have  been 
suggested  but  such  shapes  will  irradiate  their  detectors  more  intensely 
than  a  cone. 

In  order  to  effect  a  more  substantial  decrease  in  detector  irradi¬ 
ation,  prevent  image  quality  deterioration,  and  vet  maintain  the  low  drag 
of  the  cone,  the  use  of  a  spike  has  been  proposed  to  replace  the  window, 
(R-f.  1).  A  protective  window  (piobably  hemispherical)  could  bo  need 
with  the  spike  to  reduce  air  currents.  However  because  of  the  presence 
of  the  spike  the  temperatures  on  the  protective  window  will  be  reduced 
below  thoae  on  the  original  window.  The  spike  reduces  the  pressuie 
loading  on  the  window  so  that  a  thinner  shell  may  be  used.  Since  the 
window  intensity  is  approximately  proportional  to  its  thickness,  a  thin 
hemispherical  protective  window  would  irradiate  the  detector  less,  even 
at  the  same  temperature  than  a  thicker  hemispherical  window.  However, 
the  apike  itself  is  heated  aerodynamically  and  as  it  is  seen  by  the  optical 
system  a’,  certain  times  it  introduces  a  new  aeries  of  problems.  V.'e 
will  therefore  evaluate  the  effects  of  a  spike-window  on  a  Sidewinder 
type  detection  system. 
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B.  bFJKE  RUSH  ION  WITH  RESPECT  to  THE  OPTICAL  st  stem 

A  rciliblic  length  «>f  a  spike  fur  lh»*  .issumod  Sidewinder  type  de * 
sign  would  he  6.5".  Figur**  fc  with  a  line  drawn  out  lo  point  A  shows  the 
position  of  the  proposed  spike  on  :cxi  s.  Instead  of  routing  the  optical 
system  with  respect  to  the  spike,  as  ;l  wy.ild  happen  in  practice,  the 
analysis  is  simplified  by  moving  the  spike  around  the  pivot  point.  In  prin¬ 
ciple,  one  should  also  rotate  the  window,  but  the  edges  of  the  window  will 
not  cut  off  any  of  the  radiation  and,  consequently,  this  wau  not  done,  Spike 
positions  11,  R‘,  C,  and  C*  represent  rotations  of  the  system  through  5.5 
degrees,  7,5  degrees,  10.6  degrees,  and  13.5  degrees  respectively. 

A  ray  of  light  parallel  to  the  axis,  (axial  ray),  which  is  not  masked 
by  tuc  secondary  plane  mirror,  wilt  strike  the  primary  parabolic  mirrof 
and  be  focussed  at  tin:  middle  of  the  detector.  The  present  optical  design 
also  allow*  that  a  ray  at  plus  or  minus  1.5  degrees  from  the  axial  ray 
will  also  be  focussed  onto  the  detector  if  it  strikes  the  primary  mirror. 

Hay  ti  is  obtained  by  drawing  a  line  to  the  edge  of  the  secondary 
plane  mirror  mask  at  l/Z  degree*  below  the  axial  ray,  the  intersection 
of  R*  >  li  with  the  cmkc -position  arc  starting  at  point  £J.  The  line  from 
point  LX  to  the  center  of  the  windo.v  represents  the  relative  spike -optical 
system  rotated  6.6  degrees.  Ray  B  is  the  ray  below  which  no  part  of 
the  spike  will  be  seen  because  of  the  eflect  of  the  secondary  plane  mirror 
mu  «k. 

Ray  3'  is  drawn  by  starting  at  the  edge  of  the  plane  mirror  at 
\/l  degrees  above  the  axial  ray.  The  line  drawn  between  point  Br  and 
the  pwot  point  represents  the  spike  position  for  a  system  rotation  of  7.5 
deg  r<*  **s. 

Ray  C  is  dr?wn  l/l  degrees  below  that  axial  ru.  which  intersects 
the  outer  edge  of  the  primary  mirror.  Hay  C*  is  IjZ  degrees  above  that 
same  axial  ray.  t  he  significance  of  these  points  is  as  follows; 

1.  No  luminous  point  between  Kay  A  and  Ray  B 
will  be  seen  by  the  detector. 

£.  No  luminous  point  above  Ray  C*  will  be  seen 
because  it  is  outside  the  field  of  view. 
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3.  Every  luminous  point  between  Ray  C  and  Ray 
B'  will  illuminate  the  detector  symmetrically. 

4.  Points  in  the  region  between  Ray  B  and  Ray  B'  . 

will  illuminate  the  field  asymmetrically. 

5.  Points  in  the  region  between  Ray  C  and  C 
will  also  illuminate  the  field  asymmetrically, 
but  in  the  opposite  direction  from  those  be¬ 
tween  B  and  B*. 

A.l  masking  will  have  no  effect  on  the  angular  field,  but  it  wili 
affect  the  clear  aperture. 

The  acrodynaniically  heated  spike  in  positions  3,  4,  and  5  will 
irradiate  the  infrared  detection  system.  The  purpose  of  this  section 
is  to  evaluate  the  effects  of  the  irradiations. 

As  we  have  shown  previously,  there  it  a  range  of  tpike  positions 
in  which  the  irradiation  of  the  detection  system  is  independent  of  spike 
positions.  For  any  relative  motion  between  the  spike  and  the  optical 
system  within  this  -ange  of  positions,  the  consequent  detector  Irradi¬ 
ation  will  tc  independent  of  time.  As  for  relative  motion  beyond  this 
range  we  may  analyze  the  irradiation  into  time  independent  and  time  de¬ 
pendent  romponents. 

We  will  first  consider  the  magnitude  and  tlu  effects  of  the  time 
ir.^«nor>d?n!  irradiation  of  the  detection  •>  stein. 

C.  TIME  INDEPENDENT  COMPONENT 

Consider  a  spike  0.5  cm  in  diameter.  It  may  at  times  be  at  an 
angle  such  that  its  projection  bridges  the  annular  aperture  shown  in 
Fig.  8- 

The  maximum  temperature  of  the  spike  will  be  no  greater  than  that 
of  the  original  hemispherical  window.  We  will  also  assume  that  its  maxi¬ 
mum  thickneas  (0.5  cm)  is  the  same  as  that  of  the  original  hemisphere 
and  that  it  has  the  same  emissivity.  Thus  an  upper  limit  on  the  irradi¬ 
ation  of  the  detector  by  the  spike  will  be  obtained  by  multiplying  the 
irradiation  from  the  original  hemispherical  window  by  the  ratio  of  the 
projected  area  of  the  spike  to  the  area  ol  the  annulus. 
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__  _  irradiation  from  spike  0.5  X  5  q 

ir.raOiatiorTTrom  heir. i spin* ricaT  window  " 

IX  we  add  a  spike  protruding  from  the  front  of  the  hemispherical 
window,  then  the  resulting  reduction  in  window  temperature  cuts  its 
radiation  lo  about  1/5  of  its  formed  value.  In  addition,  the  use  of  the 
spike  reduc  os  the  air  loads  so  that  if  a  sufficiently  thin  window  can  be 
used,  then  the  window  radiation  can  be  further  reduced  to  be  equal  to 
that  Irom  the  spike.  To  achieve  this  reduction  in  window  radiation,  its 
thickness  would  have  to  be  reduced  to  l/l*i  that  of  the  unprotected  window. 

The  t  Lai  irradiation  will  then  be  about  0.03d  of  the  irradiation 

-4 

from  thr  unprotected  window;  the  latter  biting  d.l  X  10  watts/cm2  for 
M  —  3.5  and  h  a  50,000  ft. 

Therefore  it  is  estimated  that  the  e.»c  of  a  spike  rven  with  .*  thin 
hemispherical  window  would  reduce  the  time  independent  component  of 
radiation.  Por  example  for  flight  at  M  =  3.5  at  50,000  ft.  the  irradiation 
is  reduced  by  a  factor  of  0,03  to  less  than  10  ^  watts/cm2.  The  srnsi- 
tivity  of  a  Pbi»  detector  '..Oulu  ti’ua  be  unaffee  ed  as  its  response  is  unaf- 
f.  i  tvd  by  background  irradiations  of  less  tlian  111"4  effective  watta/rm2. 

D.  TIMC -DEPENDENT  COMPONENT 

In  Part  1  of  this  report,  a  general  expression  was  given  relating 
the  effective  .i  radiation  of  the  deieelor  to  the  time  dependent  flux  output 
from  the  window  (or  spike).  We  .hall  now  estimate  this  irradiation  for 
the  case  of  the  ar rodynamtcally  healer  spike. 

We  have  previously  estimated  thr  maximum  flux  received  by  the 
annulus  from  the  spike.  As  the  spike  may  he  cnltsely  out  of  view  for 
part  of  the  scanning  period,  we  have 

-  3.5  X  15  ''  watts/cm2 

It  is  possible  to  conceive  of  the  radiation  coming  from  a  small 
region  near  the  tip  of  the  spike.  The  loL.'  relation  is  then  likely  to  he 
less  than  that  estimated  above  but  we  shall  keen  that  as  an  upper  bound. 
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In  this  case  <f(t)  will  approximate  a  step  function.  The  radiation  will 
suddenly  appear  as  the  lip  of  the  spike  projects  non »  the. inner  edge  of 
the  annulus,  then  vanish  after  it  goes  over  the  outer  edge,  etc.  In  a 
complete  oscillation  there  will  he  four  3teps,  the  scanning  motion 
sweeping  across  both  sides  of  the  annulus  twice. 

This  is  equivalent  to  a  periodic  function  of  frequency  *  4f# 
de.'c  r<bed  by 


S  t 


S  t 


1 


3 


with  periodic  repetitions. 

i-etting  fn  =  »ifq  and  K  =  f^t,  we  have 


*0(n)  =  0 

«c(n)  -  l  4>m  \  COS  2*nK  dK 


Therefore 


and 


n  =  of  lei 
n  =  even 


^  (n  odd) 

•  M  (n  even) 


n  -  odd 


For  the  sane  parameters  aa  in  Part  I  of  the  report,  but  re- 
membernj;  we  are  concerned  with  not  f^,  have 

R  =0.10  6m 


Thus  a  considerable  part  of  the  signal  is  in  the  good  reception 

region. 


TR  327 


19 


CONFIDENTIAL 


CONFIDENTIAL 


We  .-nay  then  expect  as  an  uppc.'  limit,  radiation  from  the  spike 
of  5  x  ill*'  effective  walts/rm*.  It  is  certain  to  be  much  less  than  this, 
as  <k(t)  is  substantially  smoother  than  a  step  function.  This  smoothing 
is  due  to  .'.he  source  not  being  conce'itrt.ted  at  the  tip  of  the  spike  and 
the  presence  of  the  aforementioned  bands  at  the  edge?  of  the  annulus  oi.r 
which  a  point  source  does  not  fully  irradiate  the  detector.  Again,  i!  is 
to  be  remembered  that  if  the  hot  Section  is  sma".  W>H  he  smaller 
than  mentioned  here.  The  actual  signal  can  be  expected  to  be  at  least 
ten  times  smaller  than  the  5  X  10“  ‘  affective  watts/cm*  derived  above. 

£.  CONCLUSIONS 

As  in  the  case  of  the  time- dependent  ladiatiou  from  windows,  the 
signal  level  from  the  spike  will  generally  have  only  a  small  component 
at  the  chopping  frequency.  It  is  assumed,  however,  that  the  cmissivity 
of  the  spike  is  low  and  that  the  chopping  frequency  is  well  separated  from 
the  scanning  frequency  with  only  chopping-frequency  signals  passed  by 
the  amplifying  system.  The  ernissivity  of  the  spike  is  discussed  at  length 
In  Appendix  A. 

Appendix  D  gives  an  analysis  of  ihe  radialtprt  Irom  partially 
transparent  stabs  having  a  temperature  gradient.  Here  we  find  that 
the  radiation  is  greater  in  the  direction  nf  the  gradient.  This  asym¬ 
metry  in  radiation  changes  the  results  of  the  calculation  of  spike 
ernissivity  given  in  Appendix  A.  This  correction,  which  corresponds 
to  the  energy  traasfered  by  conduction  is  usually  neglected.  In  any 
given  case  its  magnitude  can  be  found  by  comparing  the  power  trans- 
fered  by  conduction  to  that  radiated. 

To  minimize  the  radiation  from  the  spike,  it  should  be  of  low 
emiaaiv  Ity  and  as  thin  as  possible.  It  must,  however,  withstand  the  aero¬ 
dynamic  loads  and  high  temperatures  encountered  in  flight.  The  selection 
of  optimum  material  optimum  shape,  with  possibly  the  introduction  of  a 
coolant  into  a  hollow  spike  presents  an  engineering  problem  with  many 
practical  solutions.  It  is  even  possible  to  design  an  optical  system  which 
will  never  see  the  spike.  Such  an  arrangement  is  described  in  Appendix  C. 
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APPENDIX  A 

KM1SS1VITIES  OF  CYLINDERS 


Here  we  shall  present  calculations  lor  the  directional  emisslvity 
of  both  dielectric  and  metallic  radiators  with  circular  cross* section. 

We  include  the  effect  o l  multiple  reflections  for  the  general  cylindrical 
case  which,  at  present,  does  not  appear  in  the  literature.  McMahon, 
Ref.  3,  treats  multiple  reflection  for  an  infinite  plane  slab  in  the  normal 
direction,  while  a  paper  by  R.  Gordon,  Ref.  %>,  extends  McMahon's  re* 
suits  in  all  directions  for  a  plana  pat  all  el  slab. 

The  cylinder  under  inveatigation  is  of  infinite  length,  has  radius, 
a,  and  is  characterized  by  volume  emissive  power  j(X,T);  i.e.,  the 
intensity  of  radiation  emitted  by  1  cm2  of  material  of  thickness  dx  into 
a  differential  solid  angle  do  is  j  (X,  Y)  dx  dft.  The  absorption  coefficient 
is  k(X.  T). 

The  cylinder  has  an  optically  smooth  surface,  so  we  can  apply 
the  usual  boundary  conditions  for  the  Maxwell  equation  (X  <<a)  which 
result  in  Snell's  luw  and  the  Fresnel  coefficients  between  incident,  re¬ 
flected  and  retracted  amplitudes. 

It  follows  from  Snell's  law  that  for  a  given  direction  of  mdUtlon 
there  is  a  unique  cross-section  in  the  cylinder  from  which  the  radiation 
emanates.  The  intersection  ot  the  cylinder  by  the  plane  (determined  by 
the  radiation  ray  and  a  ray  normal  to  the  cylindrical  surface)  is  the  de  ¬ 
sired  cross-section.  This  ero«s.«#r»i<-m  taVcs  or.  or.'.y  three  shapes: 
rectangular,  circular  and  elliptical.  We  shall  treat  them  first  Sepa¬ 
rately  and  'atcr  give  a  general  formula  embracing  all  three  cases. 


A.  RECTANGULAR  CROSS-SECTION 

The  previous  treatment  of  this  case  was  by  McMahon  snd  recently 
by  Gardon.  McMahon  hu3  considered  only  radiation  normal  to  the  slab; 
while  Gardon  gave  a  general  treatment  for  all  angles  of  emission  $.  Our 
intermediate  results  differ,  but  that  is  due  to  different  definitions  of  intensity. 
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(o)  =  ^-  (!  ~  rn)  (  1  -  <~*P  (-  2  a  n  k/\f n*~-  sim 

1  -  ra  rxp  (  -  2  a  ii  k/v*  ni  -  sin  0 


■  (1  -  r„)  {  l  -  exp  (-  iank/ vTn*  -  sin*  6)) 

ip(0)  -  -fc - - - - - .■  •  - - 

i  -  Tp  exp  |-2an  k/\Fni  -  Bin  0  ) 

Tht  total  intensity  is  I  =  lp  1  1„  and  the  degree  of  pula  i  Nation  =  |*  (  |p 
fp  and  r ^  arc  the  reflection  coefficient  for  the  material.  n  P 

These  results  arc  plotted  in  Tips.  9  and  10  with  the  following  values 


n  n  1.5 

'  .s  0.  I/cm 

In  Fig.  9  we  have  two  plots  for  thickness  2a  =  0.5  cm  and  2a  -  1.016  cm 
and  in  Fig.10  we  have  similar  results  for  an  opaque  slab,  essentially  fer 
a  slab  with  a  — •  oq. 

According  to  (lur  definition,  if  the  emitting  body  obeyed  l.arrberl's 
law,  we  would  have  just  a  straight  horisonta  .ne.  The  deviation  from 
the  straight  line  thus  gives  is  the  deviation  from  Lambert's  iaw. 

For  a  slab  of  Unite  thickness  there  will  be  a  maximum  for  the 
intensity  emitted  at  some  0„  which  is  a  function  of  the  thickness,  l'his 
results  from  the  competition  ot  several  factors;  namely  the  reflection 
coefficient  which  is  a  function  of  0  and  the  exponential  in  the  numerator 
and  denominator. 


■  i  At*  l‘  Cfi  *Mi  I 


A  -  A  <wkfn  $  ■  01 
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B.  CIRCULAR  CROSS- SECTION 

In  a  similar  manner  we  can  calculate  the  radiation  coming  out 
at  the  rim  of  a  circle. 


*- A  («h*A  <t>  •  S0°1 


The  length  of  the  optical  path  la  2a  r-o*  ®’  and  **  »  reault  the 
radiation  emanating  at  the  aurface  (y/ithout  multiple  raflectiona)  ia 


and  similarly  to  the  infinite  plane  «i*b  the  reault  including  reflected 
radiation  ia 


4 


{>  -  a  ~  v*  *  -  L 

1  -  e  -WaToiTT  R{e,>  * 


E<«M 


Thie  reeult  le  ohviou*  for  value*  of  fl'  auch  that  it  take*  an  infinite  path 
till  we  get  a  closed  polygon  but  it  also  holde  true  for  S'  •  •  *•••• 

when  we  can  inacrlbe  a  cloaed  polygon  of  which  the  ray  under  consideration 
is  one  aide  of  the  polygon. 
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Proof 

Let  there  be  an  n-sided  polygon.  Then  the  contribution  from  the 
i-th  side  of  the  polygon  (i  -  1,  l  .  .  .  n)  reaching  P  for  the  first  time  i* 

~'!i‘kc0*  »'}{l  -  co.  B-  l_1 

end  for  the  r.i-th  time  around  (m  r  1  ,  ,  .  ,  ^  ii 

fi  -  r  "  '-'k  co*  f'T{l  -  R(0'^{e  *  '!i,k  CO*  °’  h  W)J> 

Summing  th’« 


f  y  j-{J  -  »“}  (1  -  R(0' )}  {  e 


-  2ak  cos  ~  l) 


in  *  0  I  s  1 


«y  i  {l  -c  -  r:  ‘  e' ;  a-R(0’)l  {e~2lkt0*  iJ,R(S')}r 


n  =  0 


,  {,  -  C-2<*ke«  {»-«<#•)}  _ 
*  - .  —  H'niP’ l 


In  thi*  ca.e  the  result  is  similiar  to  the  infinite  plane  except  that 
the  length  of  an  unbroken  path  it  bounded  oy  the  diameter  of  the  circle. 


j  ^  j)  (1  -  rg)  {  1  -  exp  (-2ak  vn!  -  .in4  0  /  n>) 

2k  (  T)  1  -  r  exp  ( -  2  a  k  2  nl  *  sin*  6  /  n  ) 

P 


L  =2i{Hf 


(1  -  r  J  {  1  -  exp  (-2  ak  v  n*  -  sin*  B/n)} 
1  -  rs  exp  {-2  a  kv'n*  -  »inl  B/n) 
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C.  ELLIPTICAL  CROSS -SECTION 

For  a  thin  iUb  of  elliptical  shape  the  Inclusion  of  multiple  re¬ 
flection  become*  extremely  difficult  ao  we  compute  only  the  contribution 
of  the  flrat  path  which  i* 


4 


2ak  (1  +  m1)  s f~Y% 
~i — .  *  i  irrr.ry 

A  T  Hi  (i  T  V*  II 


:]  f 

j  <  l  ~  R(e> 


Suppose  wc  observe  radiation  emitted  in  the  direction  R  .  Since 
by  our  assumption  about  the  nature  of  the  surface  Snell's  law  la  obeyed, 
the  radiation  will  emerge  from  the  cross-section  of  the  cylinder  cut  by 
the-  plane  through  thi-  Z-axl*  and  R.  Clearly  this  c  ros  i  -  section  will  be 
an  ellipse  whenever  ♦  /  0  or  2  ■ 

Let's  rotate  the  coordinate  axes  through  Z  such  that  ♦  '  >  0;  i.e., 
Y>  coincides  with  the  projection  of  R  on  the  x-y  plane. 

The  equutlun  of  this  ellipse  will  be 


±11 

a* 


where  ma  tan  $.  The  crose-section  will  have  the  following  shape 


la  (1  +  ml’f 
TmT  im? 


•tttv 


k  at  tan  S' 
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The  result  j  a 

f{o)  =^rf  -  R>  i 1  -  c~MV,T)sj 

the  prime  cm  t'(0)  is  to  denote  that  this  result  is  the  zetoth  approximation 
to  the  final,  extrapolated  result  as  given  in  the  subsequent  formula. 


A  -  A  i.h.r  o  <  $  t  >0°) 


Here  we  could  only  get  the  emitted  intensity  without  reflection. 
This  result  is 


We  shall  find  it  convenient,  however,  to  use  an  empirical  ex¬ 
pression  for  the  elliptical  case  including  multiple  reflection.  The 
justification  for  this  procedure  lies  not  so  much  in  the  fact  that  our 
expression  reduces  to  the  right  limit  at  $  =2»  4>  =  0,  i.e.,  for  the 
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rectangular  and  the  circular  case  respectively,  but  much  more  in  the 
/act  that  the  difference  between  the  approximate  and  true  result  is  small 
anyway  for  the  particular  values  of  k,  n  which  are  of  interest.  So  we 
can  write  our  empirical  result 


ye*  'h 


(l  -  rp)  l  -  exp  j 

r-  2a  (1  :■  tan*  0)  r>s fnr  -  sin7  S  1 

n*  -  sin*  (Ten*  lan*  0  j 

1  -  *p  e»R[ 

(1  ~  rj  1  -  exp 

*  f*  (1  t  tan*  O/n'J  n*  >  tan*  6  1 

n*  -  sin*  §  \  tan**  &  j 

1  -2a  (1  *  tan'  0)  n«J  n'  -  sin*  0  1 

[  n*  -  sin*  +  n*  tan*  6  j 

r-i 

li  (1  *  tan*  0}  nsTn*"  -  sin*  0  "j 

1  ~  r,  ,‘XP[' 

n*  -  stn*  0  *  n*  tan*  f i  J 

D.  TOTAL  RADIATION  FROM  CYLINDER 


So  far  we  have  gotten  expression*  for  the  intensity  for  the  three 
diilsrent  cross-sections.  However,  we  would  like  to  have  an  expression 
which  is  valid  for  any  one  of  the  cross- sections.  As  will  be  shown  later 
this  result  is  needed  if  we  want  to  calculate  the  intensity  of  parallel  rays 
emerging  at  a  given  angle.  We  propose  an  expression  of  the  form 


F<0)  « 


7 


a 


h,T)  (1  -  R)  U 
{1  -  r  « 


e  -sk  (k,T>j 
•W.'TJj - 


whare  F{0)  stands  for  either  ff{0)or  ff(0)  and  R  stands  for  either  Tf  or  r# 
And 


_  .  2a  (l  +  tan*  _ 

*  *  T~+  ttn*~Tiec*T*  **c  9 

_  2*  (i  +  tan*  _  .  rn - rmr— x 

*  n*--~rn*  0  +  n*'W$  n  *lr  " 


ia  (1  +  tan*  »t)  • — j - <-*»■« 

W-Sln’  WT  n *  L,,*t  " 
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We  shall  show  that  the  above  expression  has  the  right  limit  for  $  =  0  and 
4>  a  ^  ;  i.e.,  when  the  cross-section  is  either  rectangular  or  circular. 


aj  w  nen 


in  agreement  with  out  previous  results. 


b>  When  $  ■  j  then  we  can  neglect  1  with  retpect  to  tan1  &  and 
(n*  -  sin*  0)  with  respect  to  n*  tan*  ♦,  to  that  the  limit  la 
~  sTn*  -  eln*  $  in  agreement  with  our  previoue  reeulte. 

We  may  then  calculate  the  intensity  emanating  from  cylinder  per 
unit  length  and  into  an  infinitesimally  small  solid  angle  df)  at  angle  6  with 
the  Z-directlon.  In  the  usual  definition  intensity  is  defined  as 


I  ■  lim  (Is  Jt  3u  cut  fl 

d*  —  0 
de  -»  0 

whsre  8  Is  msasursd  from  the  normal  to  the  emitting  and  traversed 
area  ia ,  We  generalised  thle  definition  somewhat  so  as  to  mset  our 
present  requirement*.  We  first  evaluate  the  total  energy  redieted  by 
‘he  bur.nle  of  rays  in  the  y  direction  end  into  a  solid  angle  du  (thle  is 
where  the  factor  cos  0  cos  ^  enters  later  Into  the  integrand),  and  then 
divide  by  coe  8.  Thie  definition  can  be  stated  symbolically  as 


’W ’ 

XP.a  *  Um  guTcoTT 

du  -•  0 

where  'W'  le  the  power  radiated  by  the  cylinder  across  the  upper  or 
lower  half  per  unit  length.  This  definition  is  somewhat  artificial  out  very 
useful  in  our  applications. 

To  clarify  the  problem,  we  draw  the  following  diagram 
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In  order  to  perform  (he-  integration  we  have  to  expreaa  the  direction 
coiin.-i  ol  each  ray  in  a  tranaformed  coordinate  ayatem  Z'  ,  Y,  X'  where 
vhe  normal  to  the  cylinder  at  the  point  where  a  given  ray  emerger  ia  the 
new  Z'  axia.  That  ia,  for  each  ray  we  rotate  the  coordinate  ayatem 
around  the  x-axi*  through  an  angle  4,. 

The  ar.glea  0,  and  $  uied  in  our  formula  for  Si  are  related  to 
(he  direction  cocinea  111  the  following  way: 

rna  it  „ 

tan  ♦  •  i  co#  9  »  coa  y 

whin 

y  a.  yl  y  *  X  ^  |  mm  A  ^ 

coa  «  »  '  — ;  coa  0  »  -  ;  and  coa  y  ■  — — — 

|  R  |  |  R  |  I  R  I 

Next  we  need  an  expression  for  the  change  of  direction  cosines  due  to  the 
rotation. 

Writing  the  rotation  mair;x  wt  got 


cua  J<  0  -  ain  0 

0 

coa  o' 

0  1  0 

coa  10 * 

= 

coa  0' 

a  In  ip  ,  0  coa  41 

coa  70" 

coa  y' 
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CO*  o' 

=  -  ain  ip  (co*  70*) 

CO*  P' 

=  co*  20* 

cat  y1 

■  co*  (co*  70*) 

Therefore 

co*  9 

■  (co*  70*}  co*  i|< 

tea  *' 

■  -  sin  di  (cot  70*) 

A*  »  result  wi  have  the  Integral*  on  the  following  page 


TR  227 


30 


CONFIDENTIAL 


CONFIDENTIAL 


CONFIDENTIAL 


With  these  preliminary  recalls  we  are  ready  to  tackle  the  central 
problem;  i.e.,  to  calculate  the  radiation  emanating  from  a  radiating 
cylinder. 

We  want  to  calculate  the  "intensity"  of  radiation  from  the  upper 
half  of  the  k  ylinder  per  unit  length  into  a  given  direction. 

Let  us  digress  for  a  while  on  the  meaning  of  the  word  1  intensity*1 
as  applied  to  this  problem.  For  the  sake  of  convenience,  we  ralculat?  the 
energy  radiating  into  dW  around  the  direction  0  and  divide  the  results  by 
cos  X* 

Proceeding  with  the  tal culatiun  we  get 


y 

r  (X)  =  -J '*  \  li_iLii_jLLLl_ 

P  ■  o 

0  (1-0  ( x  •  >!  • )  fi 


(X. 


(X'°)  ) 


-  *  d 


*,  (X» 


LLu.UAW  .-.a:  . dj, 

(  1  -  ■  (x.X<)  (c'3  (X,li')) 


a 


■f 


Cf>H  X  COS  L  •  V  n2  1  +  cOs*Y  COS*  M 
cos  x  co"  ^  +  \  n2  -  1  4  cos2x  cos2^ 


l 


dak  (!  +  cot2  y  sin2«;)  n  -'n*~  1  4~co»*  x  cus2~Q 

n2  cot2  xs^nZ  *  (  u2  -  1  4  co®2  x  cos2  4>) 


- ^  cos  x  cos  Qi  [  cos 


cos  x  cos  i{j[  cos  x  cos  i*/  +  n2  ]  +  n2  -  1 
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i 


The  preceding  integrals  are  nothing  but  a  detailed  description  of  the 
following  integrals. 

i  r 

I  I  —  ■  —  \  f  (iV)  COB  ill  co*  v  d  A 

p  coi  x  ,1  P 

1  i* 

1  =  - -  l  (  (4,)  co »  4>  cot  x  i  A 

a  co»  x  J  *  A 

We  can  get  the  preceding  r -vault  from  the**  Integral*  immediately 
it  we  recognize  the  fact  that  the  angle*  appearing  in  l  ,  fg  which  refer 
to  the  normal  at  the  point  of  emission  have  to  be  described  in  term*  of 
the  angle*  of  the  rotated  coordinate  ays.em  where  the  normal  coincides 
wiili  Z.  This  integral  can  be  evaluated  numerically.  Some  remit*  are 
plotteo  in  Fig.  12. 


E.  EMISSIVITY  OF  A  METALLIC  CYLINDER 

The  analysis  in  this  cate  i*  similar  t<-  ...  dielectric  one.  A*  a 

result  of  the  different  boundary  condition*  v. .  0  1  riiflersnt  expression* 
(or  the  reflection  coefficient*.  Furthermore  in  the  final  expression  we 
can  omit  the  exponential  terms  because  the  magnitude  of  k  will  attenuate 
the  radiation  after  the  traversal  of  a  wavelength. 

The  final  expressions  ior  the  cylinder  are 

Jp  s  coi~x  J  {z  1+1  co*  *  cob  X  d  A 


I  -  — - —  \  f  (4i)  co*  ill  cos  if  A 

a  cos  x  j  *  s 


fp  =  ^ 


f 


I  -  fiO  (X/r,,)  cos8  x  cos1  *  - 


co*  x  co#  i)  t  1 


to  (X/ rc)  COB8  c  co*8  iji  t  —l~—~  cos  X  cos  4  +  1 
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.  f  1  -  60  $X/rui 


2V  JOX 


’^1 


cos  x  cos  +  +  cos2  x  cos2  »Ji 


.  i  rrrrr 

X.  60  (X/re)  4  — — ZZ2-  cos  x  coo  •}■  +  cc/2  x  cos2  4> . 
re 


where  X  is  the  wavelength  of  the  coined  radiation  in  cm  and  xQ  is  the 
resistivity  of  the  emitting  metal  in  ohm -cm. 


F.  RADIATION  FROM  METALLIC  CYLINDERS 

The  eruissivity  of  a  metallic  surface  as  a  function  of  '.he  angle 
away  from  the  normal  is  given  by  the  following  expressions  (Ref.  7). 

1  -  hO(V/re)  cos*  0  -  —  -J-U—  cos  0*1 

4 fi {'./ r g)  cos 2  0  *  cos  fi  *  l 

e 

1  -  60(X/re)  -  ro§  (j  +  cos2  6 

•2(0)  - - - 

60  (X/  r,)  +  - s-> --  ft ..  cos  0  ♦  cos2  0 
rc 


where  X  is  the  wavelength  in  cm  of  thp  radiation  considered  and  rf  is 
the  resistivity  of  the  material  in  ohm -cm. 

The  calculations  have  been  carried  out  both  circular  and  square 
metallic  cylinder*.  Wavelength  X  was  taken  as  two  microns,  and  re¬ 
sistivity  for  silver  at  9C0*K  was  taken  to  be  5  x  I0'b  ohm-cm.  The 
resistivity  is  an  approximate  value,  since  the  values  published  in  the 
•Handbook  of  Chemistry  and  Physics*  vary  from  investigator  to  in¬ 
vestigator.  Emissivjties  of  other  metals  are  given  in  Fig.  12.  The 
characteristics  of  the  metal  are  such  that  a  cylinder  of  radius  one  half 
of  the  fused  quartz  cylinder  radius  will  suffice  Xor  our  purposes;  we 
arc  able  to  compare  on  this  basis  the  radiated  intensities  of  both  nu¬ 
merically. 
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The  results  {plotted  in  Fig.  13)  show  by  comparison  with  FiR.  9 
that  the  total  intensity  radiated  from  the  metallic,  cylinder  is  considerably 
smaller  (at  each  of  the  Angles  70*  75 ",  and  80*  calculated)  than  the  tntal 
intensity  from  the  dielectric  cylinder. 

Another  conclusion  which  may  be  of  greater  interest  is  'hat  if 
we  consider  the  use  of  a  polarizing  shield  around  the  object  in  the  di¬ 
electric  case  the  intensity  will  be  cut  approximately  by  «  factor  of  C 
while  in  the  metallic  case  the  intensity  is  reduced  by  a  factor  ranging 
from  18  to  47  going  from  70*  to  80*. 

Offhand  it  seems  strange  that  this  polarising  rffect  of  the  metal 
ic  not  observed  in  reflected  light,  bu.  the  explanation  is  fairly  obvious. 
For  what  it  amount*  to  is  that  H|/Rj  -  1,  where  refers  to  the  re- 
iiectlun  coefficient  of  the  first  component  and  refers  to  the  reflectiu*n 
coefficient  of  the  second  component,  and  1  — R,/J  -  Rj  a  JO.  Say  for 
the  sake  of  illustration  that  H,/R4  *  0,9  snd  that 


Then  substituting  the  first  ratio  ir.lo  the  second  w»  j.i  i 

»  19 

Then  if  R|  and  it.  are  very  close  *«  the  ratio  1  —R)/l  -R*  can  be 
much  larger  than  Rj/Rj. 

Both  dielectric  and  metallic  square  cylinder?  may  be  considered 
{Fig.  Id)  with  the  resuti  that  if  only  one  side  i»  viewed  the  radiation  is 
smaller  than  the  corresponding  radiation  eu.iu.vd  from  the  upper  Half 
of  x  circular  cylinder  of  the  same  volume.  However,  if  we  include  the 
total  maximum  view,  that  is  two  sides  of  the  square  cylinder,  the  total 
radiation  is  larger. 

We  shall  now  stale  a  theorem  which  will  enable  us  to  tell  which 
of  two  emitting  objects  gives  the  smaller  values  of  IA  (I  =  intensity  and 
A  =  Area  viewed)  when  the  objects  have  the  same  volume. 

Theorem:  Given  an  emitting  object  the  absorption  coefficient 
of  which  is  different  from  zero,  the  smaller  A/ V  is  for  a  given  volume, 
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the  smaller  is  the  amount  radiated. 

Wc  shall  prove  :i  fe-  a  very  special  rase:  a  «Ub  of  material  of 
thickness  d  and  width  w,  coefficient  of  reflection  H  and  coefficient  of 
absorption  k.  Let  dw  =  constant.  We  iiave  for  the  radiation  emitted 
in  the  normal  direction  per  unit  length  across  w  into  *n  infinite  aimal 
solid  an^lc  an  expression 

F  s  »  i*  -  - 

1  -  R*>  d 


The  above  expression  include,  multiple  reflection.. 

Differentiating  with  rr.pcct  to  d  and  substituting  for  w  -  c/d 
and  equating  to  cero  we  get 


0 


"3 


JA 
i  - 


-  kd 


1 

3 


(1  -  e‘kd>  - 


Rki 


1  -  R 


kcl,,  -  kd. 
(1  -  ) 
—  ca — 


While  there  may  be  relative  minima  for  d  <  «,  at  d  —  »  the  minimum 
it  abaolutr.  The  proof  rould  be  generalized  for  arbitrary  shapes  and 
volumes. 

Ai  a  result,  we  can  dude  that  for  minimum  radiation  the 
metallic  cylinder  should  be  ..»ed. 
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APPENDIX  B 

RADIATION  FROM  PARTIALLY  TRANSPARENT  SLABS  HAVING 
TEMPERATURE  GRADIENTS 


v/e  shall  consider  the  following  problem  here.  Given  a  plane- 
pa  ral’.al  Infinite  slab  of  material  with  thlcknuss  d;  by  mean*  of  external 
hent  oath*  an  keep  the  two  boundaries  at  different  temperature*.  As  a 
result  of  this  type  of  heating  we  get  a  temperature  distribution  Inside 
the  material  T(x);  where  TjO)  «  Tj  and  T(d)  «  T|.  (See  Fig,  l) 

Let  a  beam  of  light  of  Intensity  l#(v)  enter  the  medium  normally 
to  the  surface.  What  la  the  Intensity  of  the  emergent  beam  I(d,  v)  when 
T|  <  T |  and  T,  la  as  shown  In  tha  diagram  and  when  T,  and  T|  art 

We  shall  assume  that  T(x)  varies  slowly  enough  to  that  we  do 
not  violate  local  tharmodyriamlc  equilibrium  conditions  too  violently. 

The  equation  of  tiansfsr  one  usually  writes  down  for  tuch  a 
problem  Is 


dl 


-jy  (x,  y.  *.  f  .  m.n)  «  p  (x, y , *1  [ j  y(x,  y,*,  I , m,n)  -  k^lx, y.  r)I ^(x.  y ,  f , m,n)  ] 


where  33  •  <f  +  r*'&  *  "E1 

where  I, m.n  x«-e  the  direction  cosine*.  One  next  make*  >s*  wf  the 
assumption  of  'local  thermodynamic  nqulllhrtum*  and  puts  J  v  * 
(Kirrhhoff  Law),  However  this  new  equation, 

•33-  *  P*vlBv  ~  Iv) 
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does  not  tell  the  whole  story.  The  above  equation  does  not  take  Into 
account  that  j^(x)  also  depends  on  the  amount  of  incident  intensity  at  the 
point  x.  To  remedy  this  aitutatlon,  one  works  directly  with  the  Einstein 
coefficients  as  defined  for  thermodynamic  equilibrium.  The  /esuit  is  a 
modified  equation 


dl 


si  '  pk;  -ij 

where  kj  *  k^t  -  exp  -  ££  J 


(2> 


Solution  of  the  above  equation 


We  limit  ourselves  to  propagation  in  the  normal  direction  (x  direc¬ 
tion  o.*ly)  and  therefore  get  a  one-dimensional  equvtion.  (Actually  this 
restriction  Is  not  too  unrealistic  because  the  emerging  beam  will  not  con¬ 
tain  contributions  from  radiation  emitted  .n  directions  different  from  the 
normal). 

So  we  have  to  solve  the  following: 


Zv~ 

”ux 


hv  \ 

>ri  sjj 


Equation  (3)  la  of  the  form  ♦ 


yP(x)  =  Q(x) 


(3)' 


where  PJs 


pk 


I" 


2hv*  pk 

and  Q(x)  * - 1 — V 


The  iolutlon  of  (3) 
y(x)  =  exp 


rx 

c  r 

-  \  P(S)dS 

\  •<  Q  (-n)  exp 

■J  0 

J  °l  L 

U. 


P(S}dS 
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t£  w ft  further  apecify  the  ir.'tiai  condition  that  y(0)  *  yt  then  the  eolutlon 
let 


y(x)  »  exp 


P(S)dS 


Q(«l)  **P 


Q  ^  )?(S)ASj  dn  +  y0  j 


or  translated  Into  our  problem  we  get 


f*pvy(«  .e,p{  -  ^])-lS 


Dlecueeion  of  Reentl# 


We  wleh  to  compare  I  ^<d)  for  the  cate  When  the  beam  traveriee 
v  (21 

the  slab  In  tho  direction  of  lm. rearing,  temperature  with  ly'  ’id)  beam 
traveralng  eiab  In  direction  of  decreasing  temperature.  Without  loee  of 
generality  w<-  can  aieume  thatT(x)  »  Tj  ♦  crx  for  case  1  ant)  ’f(x)  «  -  ox 

for  caee  2 
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One  car.  easily  see  the  A(x*)  is  decreasing  with  x*  ««nd -that  lifit1  ;  d  -  x  * ) 
is  nor. -negative  everywhere.  This  follows  from  the  fact  lh.»t 
(1  -  «>.\p  f  —  hv/h(T|  o-p)])  is  a  decreasing  function  of  p,  i>«>  it  foil-"-* 
that  lTNd)  -  i(,,(d)  >  0. 

Now  let  as  ask  another  question.  Do  the  same  conclusions  hold 

If  increases  with  tumpcmturp?  Naturally  if  k^(x)  (1  -  exp  (  -  he/k(T  ,  4  r*x)  ]  ) 

is  still  a  decreasing  function  then  the  conclusions  are  the  same. 

Next  should  k^(x)  (1  -  exp  [  -  hv/k(T,  +  ax)])  be  Independent  of  x  # 

then  I  ^(d)  *  X  ^(d). 
v  v 

And  the  third  possibility  that 

^  (Mx)  (1  -  «P[  -  h„/k(T,  ♦  mt)  J  ))  >  0.thcn  -  lj‘l(d)  *  0 


I|d.  »■) 
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APFEND1X  C 
INVISIBLE  SPIKE 


It  now  remain*  co  consider  method*  which  will  conceal  the  spike 
from  the  detector. 

There  arc  two  possibTitic  s.  First,  the  spike  can  be  angled  »o 
a*  to  lie  hidden  by  the  secondary  mirror.  Since  the  angle  between  the 
optiral  axis  and  the  missile  axis  and  the  angle  of  attack  of  the  missile 
arc  no  related  there  would  then  be  positions  in  which  the  spike  would 
be  at  too  great  an  angle  with  respect  to  the  (Free:;;..  of  motion  for  best 
aerodynamic  operation.  A  bi  tter  solution  is  to  a  ij  *ct  the  optical  system 
so  as  to  mask  a  spike  fixed  on  the  missile;  for  cxi.mple,  By  moving  the 
sec  01. darv  mirror. 

As  the  optical  system  is  tilted  to  follow  an  oft -axis  target,  the 
physical  spike  generally  comes  into  the  view  ol  the  detector,  and  unless 
precautions  arc  taken  a  signal  is  produced.  A  simple  method  of  shield¬ 
ing  the  spike  troni  view,  by  means  of  a  moving  secondary  mirror,  will 
be  dear  ribed  here. 

The  primary  mirror  of  the  optical  system  is  rotated  about  the 
focal  po.  nt  when  an  off-axis  object  is  to  be  observed.  At  the  same 
time  the  secondary  mirror  is  translated  parallel  to  itself  in  the  plane 
ol  its  silvered  surface.  The  translation  blocks  the  spike  from  view. 

Since  11\Z  focal  point  ir.  unchanged  and  the  plane  of  the  secondary  mirror 
is  preserved,  the  radiation  is  focused  at  the  same  point  at  att  times, 
atid  hence  the  detector  is  left  stationary.  A  slot  in  the  primary  per¬ 
mits  lilting  the  primary  about  the  axis  of  the  missile  while  leaving  the 
detector  stationary.  The  slot  may  be  so  placed  a*  to  be  in  tine  with 
one  of  the  supports  of  the  secoud3 -y.  .  Thai  ...  additional  information 
is  lost  through  its  presence.  Then  mo.,  y  lt.e  primary  rlo»-  no(  pro¬ 
duce  a  signal  when  different  parts  of  the  slot  come  into  the  view  of  the 
detector. 

Using  a  geometry  where  the  diameter  of  the  aperture  is  lij  cm 
and,  the  length  of  the  spike  i4  cm,  (see  Fig.  g)  one  finds  that  the  secondary 

TR  127  43 

CONFIDENTIAL 


mi1  W ey  **•:•!*  1-  «w»u>  **»*•  ...  „  -  *  •  <i«r  •»#<  - 


CONFIDENTIAL 


must  cover  about  1/4  of  the  aperture  in  order  for  the  mirror  to  shield 
out  ttie  spike  for  a  £0e  tilt.  This  still  leaves  one  with  a  reasonably  high 
1’- number  incur  flattened  casocgrainian  system. 
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Figure  i.  Typical  IK  Optical  System 
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Figure  j.  Estimated  Temperature  Distribution  on  a  Radiating  Hemisphere 
(h  =  50 ,000  it. ,  U.  =  J,  5) 
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Figure  4.  Effective  Intvnsit/  Distribution  on  Hemispherical  Quarts  Window 
(  5nirr:  tlii.-k)  h  =  SO.OOC  ft..  M  =  i.5 
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Figure  6.  Schematic  Diagram  of  Sidewinde  •  R  .-ticlr  with  Linear  Irradiation 
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Figure  7.  C  urve*  *'!  i*- .'  Ti£  Slep-Fum:lion  Variation*  in  Jrr»di/iUon 
of  )tel>  - 
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Figure  P.  Spike  on  Sidewinder>Type  Detector 
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Figure  9.  Directional  F.mifcivit/  of  blab  of  W  dth  2a 
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Figure  1.0.  Direction*!  Emi«»ivity  of  Infinitely  Thick  Pl»te 
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Fiour*-  11,  Directienn!  Krr.issivity  o'  "artiaUy  7  r» nopa.  cn;  dielectric 
Cylinder 
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